Abstract-The spatially discretized magnetic vector potential formulation of magnetoquasistatic problems is transformed from an infinitely stiff differential algebraic equation system of index 1 to an ordinary differential equation (ODE) system with finite stiffness by application of a generalized Schur-complement. The ODE is integrated in time using the explicit Euler method, where a pseudo-inverse of the discrete curl-curl matrix within nonconductive regions is repeatedly computed by the conjugate gradient method. For the computation of suitable start vectors subspace projection extrapolation method and proper orthogonal decomposition are compared.
I. INTRODUCTION
Magnetoquasistatic field problems are usually integrated in time using implicit time integration methods. The nonlinear characteristics of ferromagnetic materials require the linearization of large nonlinear equation systems, e.g., by the Newton-Raphson method, which may need several iterations per time step. Stiffness-and Jacobian-matrix have to be updated or reassembled in every Newton-Raphson iteration. Approaches to use explicit time integrations methods were proposed in [1] - [4] . This work is based on [3] and [4] .
II. FORMULATION
Spatial discretization of the partial differential equation of magnetoquasistatic field problems by e.g. the Galerkin finite element method (FEM) and separating and re-ordering of the degrees of freedom (DoF) according to their allocation to conductive or nonconductive media into two vectors a c and a n , yields:
where M cc is the conductivity matrix, K cc is the part of the stiffness-matrix K in conducting regions, K nn is the singular part of the curl-curl-operator in air, K cn is the coupling matrix and j s,n is the source current density in nonconducting regions [3] , [4] . Equation (1) 
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The repeated evaluation of the pseudo-inverse K + nn within an explicit time integration of (2) forms a multiple right-hand side problem. The evaluation is performed with the conjugate gradient method preconditioned with an algebraic multigrid preconditioner. Suitable start vectors are computed using the cascaded subspace projection extrapolation method (CSPE) [5] , [6] . In an alternative approach the proper orthogonal decomposition (POD) with an adaptively selected number of modes is used on a snapshot matrix of solutions from previous time steps.
III. NUMERICAL VALIDATION
The ferromagnetic TEAM 10 benchmark problem is used for numerical validation [7] . It is spatially discretized by 1 st order edge element FEM ansatz functions [8] . The explicit Euler method is used for time integration of (2). Starting vectors for the PCG are computed by CSPE and POD. Compared to using the old solution as start vector, CSPE and POD decrease the average number of PCG-iterations, as shown in Fig. 1 .
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